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CROSSLINGUISTIC GENERALIZATION AND INTERFERENCE IN 
TRILINGUAL APHASIA: A CASE STUDY 
CAITLIN ELIZABETH KEANE 
ABSTRACT 
Background: The continual increase in the number of bi/multilingual aphasic patients has 
given rise to the question of efficacy of treatment across languages. One question at the 
forefront of current research is the extent to which language control interacts with cross-
language facilitation treatment in these patients. Theories of bilingual language 
processing suggest that there exists bidirectional and asymmetrical relationships between 
the two lexicons (e.g., Revised Hierarchical Model, Kroll et al., 2010). Such a model 
allows for the prediction of cross-language generalization resulting in improved 
facilitation of translations and semantically related translations, a finding observed in 
treatment studies of rehabilitation of bilingual aphasia (Edmonds & Kiran, 2006; Kiran & 
Roberts, 2010). Recent studies examining the nature of bilingual language processing and 
lexical access, however, have hypothesized that cognitive-linguistic control plays a 
central role in selecting language representations. The neurocognitive model of language 
control, proposed by Green and Abutalebi (2007), states that the interplay between 
cortical (e.g., pre-frontal cortex, anterior cingulate cortex) and sub cortical regions (e.g., 
basal ganglia) sustains the intensive cognitive demand of managing two languages. This 
neural circuit regulates such tasks as appropriate language selection and language 
switching that allows for inhibition of potential cross-linguistic competitors during 
language production (Luk et al., 2011). Recent studies of bilingual aphasia have begun to 
provide evidence for impaired language/cognitive control and interference (e.g., Goral et 
al; 2006; Green et al., 2010).  
Aims: In order to better understand the potential for cross-linguistic generalization and 
interference in multilingual aphasic patients, this current case study follows a trilingual 
woman with aphasia through two periods of rehabilitation. Several research questions are 
posed: (1) Does training in the weaker language (French) result in generalization to 
semantically related items in the target language as well as trained and untrained items in 
the stronger language (English); (2) Does a second period of treatment in the stronger 
language (English) reveal differences in treatment gains and/or in crosslinguistic 
generalization patterns; and (3) What is the effect of cognitive control on cross-linguistic 
generalization during rehabilitation of lexical access?   
Methods and Procedures: The participant was a 59-year-old trilingual woman (Amharic, 
L1-English, L2-French, L3) who presented with a fluent aphasia secondary to left frontal 
tumor resection in 2008. Post-surgery CT and MRI revealed a left frontal infarct over the 
pre-central gyrus with extension into the basal ganglia. A detailed language use 
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questionnaire was used to obtain information regarding the patient’s language use for 
each of the three languages. A single subject case study design was implemented 
following procedures previously developed in Edmonds & Kiran (2006) and Kiran & 
Roberts (2009). Following an assessment of the patient’s current language and cognitive 
abilities, the patient completed a 10-week treatment period in French, followed by a 10-
week treatment period in English.  
Results: Results demonstrated overall improvement on trained items in the target 
language across treatment periods in both languages. Within-language generalization to 
semantically related items and cross-linguistic generalization to translations of trained 
and semantically related items were not observed. In addition, error patterns revealed a 
considerable increase of interference of the treatment language into the non-treatment 
language on trained items relative to the respective treatment phase. Although the patient 
did show learning of new items (as evidenced by an increase in conceptual scores), as 
treatment progressed in one language, the patient’s ability to inhibit this language during 
non-treatment language probes decreased substantially. In addition, a non-linguistic 
flanker task targeting interference suppression demonstrated impaired non-linguistic 
cognitive control. Evidence from this case study suggests that facilitation may sometimes 
be overridden by language interference and provides support for the model of 
neurocognitive language control. 
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INTRODUCTION 
As the number of bilingual and multilingual aphasic patients continues to rise, the 
efficacy of treatment across languages is becoming an increasingly important clinical 
question. Recent United States census data reports that approximately 20% of the 
population speaks a language other than English (U.S. Bureau of the Census, 2009). In 
the future, SLPs can expect an increase in the number of bi- and multi-lingual patients on 
their caseloads. As such it is critical to consider both the role and interaction of multiple 
languages in the rehabilitation process. In the past decade, a niche of research focused on 
the bilingual aphasic population has emerged. Studies have begun to investigate the 
recovery patterns and unique treatment gains of patients in the bilingual population. 
These studies have examined both cross-linguistic generalization patterns and the 
implication of cross-language interference in speech therapy (Abutalebi, Della Rosa, 
Tettamanti, Green & Cappa, 2009; Edmonds & Kiran, 2006; Kiran & Roberts, 2010; 
Miertsch, Meisel, & Isel, F, 2009; for a review see Faroqi-Shah, Frymark, Mullen, & 
Wang, 2010). However, the field of multilingual aphasia research is not limited to the 
bilingual population, and addressing generalization and cross-linguistic interference in 
trilingual patients presents new challenges due to the interaction of multiple language 
systems. In order to better understand the potential for cross-linguistic generalization and 
interference in multilingual aphasic patients, the current case study follows a trilingual 
woman with aphasia through two periods of semantic treatment to examine 
generalization and interference patterns in the rehabilitation process. 
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Models of Bilingualism 
 
There are currently two competing models concerning the organization of the 
bilingual lexicon. Kroll & Stewart (1994) proposed The Revised Hierarchical Model 
(RHM) which states that L1 and L2 comprise separate, albeit connected, individual 
lexicons. In this model, a word in L1 and L2 share a conceptual representation, while 
form representations are stored independently. This accounts for bidirectional and 
asymmetrical relations between the two lexicons. Words in L1 are connected to 
conceptual meanings from the time they are first learned. However, L2 words are learned 
via their L1 translations, and as such, have weaker connections to conceptual 
representations (Kroll, Van Hell, Tokowicz & Green, 2010). According to this model, 
when an L2 word is selected, is it is done so via the L1 translation. Due to this 
directionality, connections from L2 words to L1 words are often stronger than those from 
L1 words to L2 words. This is supported by studies showing that translation from L2 to 
L1 have shorter latencies than L1 to L2 (Kroll & Stewart, 1994; Sholl, Sankaranarayanan 
and Kroll, 1995). This latency has also been attributed to the involvement of conceptual 
activation when translating from L1 to L2, whereas L2 to L1 translation occurs with only 
lexical activation. However it has been shown that the strength of the lexical and 
conceptual links may differ as a function of L2 proficiency; thereby as a speaker becomes 
more proficient in L2, the direct connection to the conceptual representation of a word 
becomes stronger (de Groot, Dannenburg, & van Hell, 1994; de Groot & Poot, 1997; 
Kroll & Stewart, 1994).   
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More recent evidence in the sphere of bilingual language organization has incited 
debate on the accuracy of the Revised Hierarchical Model. Specifically, evidence for 
non-selective access in bilingual word recognition prompted Dijkstra and Van Heuven 
(1998) to propose the Bilingual Interactive Activation model based on connectionist 
models of lexical representation. In this model, there is an integrated lexicon that contains 
words from both languages. Bidirectional connections exist between and across 
languages, and lexical access is assumed to be language non-selective. Studies that have 
looked at lexical access in bilinguals have shown that both languages are active during a 
given task, even when only one language is required to complete task demands (Costa, 
2005; Dijkstra, Timmermans, & Schriefers, 2000; Dijkstra & van Hell, 2003; Marian & 
Spivey, 2003).  Dijkstra has further extended this bilingual model into a Multilingual 
Interactive Activation Model, in which an individual’s lexicon can increase to contain 
words from multiple languages (Dijkstra & van Hell, 2003). Overall, the confluence of 
recent data on the bilingual language system posits that the multiple languages of a 
speaker are interconnected, and that on a given language task, both languages are active 
regardless of the task’s target language. This leads to the question of language control, 
and how a bi- or multi-lingual speaker is able to ensure that the production of the target 
word comes out in the intended language. 
 
Models of Language Control 
 
When a typical multilingual speaker engages in a communicative interaction, they 
do so with relative ease. When speaking to a monolingual conversation partner, they are 
able to inhibit or control the use of their other language(s). When speaking to another 
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polyglot, if their languages are shared, they may choose to mix words and utterances 
from two or more languages in a process called “code switching” Code-switching has 
been defined as “the alternative use by bilinguals of two or more languages in the same 
conversation” (in Munoz, Marquardt & Copeland, 1999, p. 249). This practice requires a 
great deal of linguistic competence, as speakers must assess a given conversational 
situation and use multiple languages appropriately for communicative interaction. 
However, during a conversation, it may occur that a typical bilingual experiences 
difficulty producing a specific word, and may in that instance only be able to find the 
word in the incorrect (i.e. non-target) language. Instances such as this have been termed 
language interference, where the activation or selection of a lexical representation in one 
language is in conflict with the ability of the speaker to find that word in the target 
language. Due to effects of interference, speaking and understanding multiple languages 
may be an inherently competitive process for a bilingual speaker. Many studies have been 
done that look at the phenomenon of language control and switching in typical bilinguals. 
For example, on naming tasks, it has been shown that bilinguals take longer to switch 
into their dominant language than they do to switch into their non-dominant language 
(Abutalebi & Green, 2007; Green, 1998; Green et al., 2009). One proposed explanation is 
that in a naming task, there is inherent competition between languages and in order to 
name in the less dominant language, more cognitive control is needed to suppress the 
dominant language. Due to increased suppression, the switch back into the dominant 
language takes longer. According to the Multilingual Interactive Activation Model 
     
5 
(Dijkstra & van Hell, 2003), as languages are added to the shared lexicon, one could 
expect an increase in competition between these multiple entries.  
Green (1998) proposed the Inhibitory Control Model (the IC model) to explain the 
control of language processing in bilinguals. In this model, a “supervisory attentional 
system” (SAS), governed by the frontal lobe, inhibits potential competitors for 
production on a specific language task (e.g. a confrontation naming task in L2, where L1 
production would be suppressed). It is postulated that this suppression happens at the 
lemma level. The model states that each semantic concept has an associated tag for L1 or 
L2. Therefore, in speech production, should a bilingual speaker wish to say the word 
“dog” his L2 (e.g. “chien” in French), he will do so by suppressing the L1 lemma with 
the incorrect language tag. It is reasonable to assume however, that in activating the L2 
lemma for the word “chien,” the L1 lemma may be activated as well, especially 
considering they share similar conceptual representations. Once this L1 node is activated, 
it must be suppressed in order not to interfere with speech production. The IC model 
states that the parameters of the specific language task (e.g. naming in French) as 
enforced by the SAS, regulates the inhibition of English and ensures output in the target 
language. Therefore, while both the French and English lemmas may be activated, this 
model allows for the suppression of the non-target language thereby resolving 
interference in spoken output. 
While there is behavioral evidence for the process of inhibitory control during 
production, there is also evidence from fMRI studies that language switching and 
language production requires control. Differences have been observed in lesser proficient 
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L2 speakers, in which more activation is seen in areas related to cognitive control. 
Abutalebi et al. (2007, 2009) have discussed a neural network applying to language 
representation and inhibition, and have proposed a neurocognitive model of language 
control. They state that cognitive-linguistic control is not attributable to a single brain 
system, and that it involves the interaction of separate systems (Abutalebi & Green, 2007; 
Abutalebi, 2008). Many functional neuroimaging studies have confirmed this statement 
(Botvinick, Braver, Barch, Carter, & Cohen, 2001), and have found that these systems 
include the prefrontal, inferior parietal and anterior cingulate cortices along with the basal 
ganglia (Abutalebi & Green, 2007; Middleton & Strick, 2000). Abutalebi’s model 
revolves around the idea of this neural network mediating the representation of an 
individual’s multiple languages. The prefrontal cortex is charged with modulating 
executive functions, decision-making, response selection, response inhibition, and 
working memory. Attention, conflict monitoring, and error detection are the work of the 
anterior cingulate cortex. The inferior parietal lobule regulates the maintenance of 
representation and working memory, and the basal ganglia controls language selection, 
set switching, language planning and lexical selection. The interplay between these 
structures allows for cognitive-linguistic control during bilingual word production and 
works to ensure the correct selection of a lexical item in the target language that is free 
from interference. The left basal ganglia and anterior cingulated cortex regulates activity 
in the prefrontal cortex, providing influence on the on the systems mediating word 
production, and this network as a whole accounts for the multiple levels of control 
needed in multilingual language production. As discussed, language control in bilinguals 
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involves the idea that there will be competition between L1 and L2 which will generally 
be resolved by inhibiting any active, non-target language (Green, 1998). Abutalebi has 
outlined two types of neural differences between L1 and L2 that have been observed in 
bilingual naming tasks: first, increased L2 activation in and around the areas mediating 
L1 such as the LIFG and the STG, and second, the engagement of the additional brain 
structures as proposed in his neurocognitive model of control (i.e., left prefrontal cortex, 
ACC, and the basal ganglia).  
The recognition of the basal ganglia as an important player in the sphere of 
cognitive and cognitive linguistic-control is more recent as this structure is traditionally 
thought of in conjunction with motor control. However, research has shown that the head 
of the caudate nucleus is also implicated in language control (Abutalebi et al., 2007; 
Abutalebi & Green, 2007; Robles, Gastignol, Capelle, Mitchell, & Duffau, 2005). It has 
been postulated that it may have a role in supporting language planning (Fabbro, Peru, & 
Skrap, 1997) through a left basal ganglia-left prefrontal cortex circuitry. Damage to this 
area (as in aphasia) may affect language control processes such as the suppression of 
competing lexical items (Abutalebi et al., 2007). As discussed, Abutalebi’s 
neurocognitive model states that this neural circuit sustains the intensive cognitive 
demand of managing two languages, and regulates such tasks as facilitating the 
appropriate language selection while suppressing the irrelevant language (Abutalebi et 
al., 2007; Luk et al., 2011). 
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Bilingual/Mulitilingual Aphasia 
 
The preceding sections have provided a brief overview of current theories of 
bilingual language organization and language control in typical (non-aphasic) individuals. 
The complex nature of these neural networks underlies the devastating effects that can 
arise when all or portions of these networks are damaged. Bilingual aphasia is the loss of 
normal language function in one or all of a patient’s languages after damage to the brain. 
To date, studies of bilingual aphasia and the rehabilitation thereof have been largely 
limited to case studies that follow a small number of individuals through a treatment 
regime (e.g., Kohnert, 2004; Laganaro, Di Pietro & Schnider 2006; Edmonds & Kiran, 
2006; Kiran & Roberts, 2010; Kiran & Iakupova, 2011; Kiran et al., 2013). As individual 
variability is inherent among patients with aphasia, it is difficult to draw solid 
conclusions about the effects of specific treatments across participants and across studies 
(see Lorenzen & Murray, 2008). However, the more individual data available, the more 
clinicians can support treatment choices with data relative/similar to their specific patient.  
 Even less represented in the literature are cases dealing with trilingual aphasics.  
These individuals often suffer from impairments in all three of their languages, or may 
present with a unique profile of impaired and spared abilities across their languages.  
Miertsch, Meisel, & Isel (2009) completed a case study in which treatment of L3 in a 
trilingual patient lead to generalization and parallel improvement in L2. This concept of 
generalization across languages is of particular interest and focus in bilingual and 
multilingual aphasia research, and patterns similar to this study have been seen in a 
number of other case studies (Filiputti et al., 2002; Goral, Levy & Kastl, 2010). A study 
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by Springer, Miller, Burk (1998) compared formal test scores against conversational 
communication in a trilingual (English/German/Italian) aphasic patient. Results showed 
uneven performance across the two tested languages (German and English) that were 
consistent with the previously tested hypothesis of greater L1 recovery post-stroke. In 
addition, more cross-linguistic interference from German (L1) was seen during English 
(L2) conversations than the inverse. This appears to follow logically from what is known 
about the multilingual lexicon. German, as the patient’s native language, would have 
been more difficult to inhibit during production in L2. However, this finding is contrary 
to a more recent study done by Goral et al. (2006) in which a trilingual 
Hebrew/English/French patient showed much less interference from Hebrew, his native 
language, when speaking in both of his other languages. While most interference was 
present during production in his L3 (French), this interference was largely from English 
(L2) rather than Hebrew (L1). In an exploration of inter-language activation patterns 
between the patient’s three languages, they found that there was more inter-activation 
(and therefore more language interference) between the patient’s L2 and L3 language 
than there was between either language and the patient’s L1. Based on these results they 
suggested that a third language (L3) may be learned in connection with a previously 
learned non-native language (L2), and thus develop strong lexical connections with that 
language. However, they also considered that this pattern may be due to the patient’s 
language history and use pre-stroke, as well as the lexical and syntactic similarities 
between French and English.   
     
10 
These cases serve to highlight the complicated interactions that can arise between 
a patient’s multiple languages and how each patient can have a very different 
presentation of deficits. Green (2010) suggested that problems controlling language 
selection may in fact underlie different patterns of recovery across multilingual aphasic 
patients. This becomes critical when developing treatment regimens for these patients, as 
interference may hinder treatment gains and generalization across languages. 
 
Aims 
 
The present study attempts to explore the nature and pattern of rehabilitation gains 
in an Amharic/French/English trilingual aphasic patient, and the implication of linguistic 
control on the patient’s ability (or inability) to navigate between not two, but three 
different languages. We examine the relationship between language proficiency and 
cross-linguistic generalization, as well as the patterns of cross-linguistic interference on 
semantic-based treatment targeting lexical retrieval. Our trilingual patient was seen for 
two consecutive phases of language therapy. The first phase was completed in French on 
a set of 15 stimulus words and within-language and cross-language generalization was 
measured via weekly probes. Following ten weeks of therapy, the participant then 
received treatment in English on a different set of stimuli (semantically related to the 
French set). The following research questions were posed:  
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(1) Does training in the weaker language (French; L3) result in generalization to 
semantically related items in the target language as well as to translations of trained and 
untrained items in the stronger language (English; L2)? 
We hypothesized that the participant would exhibit generalization effects to 
semantically related items in the trained language based on previous studies that have 
been successful in facilitating such generalization (Coelho, McHugh, & Boyle, 2000; 
Drew & Thompson, 1999; Kiran & Thompson, 2003; Edmonds & Kiran, 2006; Kiran and 
Roberts, 2009; Kiran & Iakupova, 2011; Kiran et al., 2013). Study procedures followed 
those that were developed by Kiran and Thompson (2003) and Edmonds and Kiran 
(2006).  These studies have explored the principle of generalization through the idea of 
spreading activation. Results have shown that strengthening semantic features of the 
trained items serves to strengthen the lexical network as a whole, thereby facilitating 
improved access to semantically related words. In addition, due to models of bilingual 
language organization, in which items in L1 and L2 share a conceptual/semantic 
representation, strengthening this representation has also been shown to lead to cross-
linguistic generalization to translations of trained target items, as well as translations of 
semantically related items. This idea of strengthening lexical representations and 
connections for increased activation and generalization is further illustrated in Figure 1 
below.  
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Figure 1. Hypothesized relationship between trained and untrained items as a function of treatment 
(adapted from Kiran et al., 2013). Training one set (e.g., nail, Set 1) should result in within-language 
generalization  to semantically related items (e.g., screw, Set 2)(1). Training set 1 (nail) should also result 
in cross-language generalization to the translation (e.g., clou, Set 1)(2) and to the translation of the 
semantically related item (e.g., vis, Set 2)(3). 
 
This study seeks to replicate these results with a trilingual patient in order to 
explore whether generalization patterns are also present between L2 and L3 in 
multilingual aphasia.  
(2) What is the implication (if any) of linguistic control in treatment gains and how does 
the neurocognitive model affect those patient’s with multilingual aphasia?  
 It has been discussed above that problems controlling language selection may 
underlie different patterns of recovery across multilingual aphasic patients. It is difficult 
to predict ahead of time to what extent interference might conflict with treatment gains. 
However, based on the neurocognitive model proposed by Abutalebi and the specific 
lesion suffered by our participant, some interference is suspected due to the involvement 
of the frontal lobe and subcortical structures (e.g. basal ganglia). 
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METHODS 
Participant 
 
The participant was a 59-year-old, right-handed trilingual woman.  Born in 
Ethiopia to monolingual Amharic parents, the participant was exposed to and spoke 
Amharic for the first five years of her life. She began elementary school at the age of 6, 
and at that time started receiving English instruction. She continued her English 
education throughout her elementary and high school years. At the age of 12, she also 
began academic studies of French. She completed high school in Ethiopia, and 
subsequently moved to Paris, France to attend university. She resided in France for four 
years, and all studies were conducted at a French university entirely in French. While 
French was her primary language at that time, she also reported that she continued to 
speak both English and Amharic with friends and family. At the conclusion of her 
studies, around age 23, she moved back to Africa where she resided nine more years. 
That time was split between Ethiopia and regions of French-speaking Africa. At the age 
of 32, she moved to the United States with her sister, and settled in the Boston area where 
she has lived since. Prior to her stroke, she worked full-time at an International Airport 
where she was afforded the opportunity to use all three of her languages. Her primary 
language immediately pre-stroke was English (spoken an estimated 70% of the time), 
however she also spoke French and Amharic with her family and international travelers. 
Her linguistic background was extensively assessed through the Language Usage 
Questionnaire (LUQ) developed by Kiran, Pena, Bedore, & Sheng (2010). The LUQ 
gathers information about language history, including age of acquisition, daily language 
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usage pre- and post- stroke, and self-rated proficiency in each language. The participant 
rated herself on her ability to speak, read, write and understand each language in formal 
and informal situations. In addition, lifetime language exposure in comprehension, 
speaking and reading domains was obtained. Results from this questionnaire are 
summarized in Tables 1-3.  
Table 1. Participant reported language Usage across her lifespan as gathered from the Language Usage 
Questionnaire (Kiran, Pena, Bedore, & Sheng, 2010). 
Age 
Hearing Speaking Reading 
Amharic  English French Amharic  English French Amharic  English French 
0-3 100% 0% 0% 100% 0% 0% n/a n/a n/a 
3-6 75% 25% 0% 100% 0% 0% 100% 0% 0% 
6-9 50% 50% 0% 50% 50% 25% 75% 25% 0% 
9-12 37.5% 50% 12.5% 37.5% 50% 12.5% 75% 25% 0% 
12-
15 50% 25% 25% 50% 12.5% 37.5% 50% 12.5% 37.5% 
15-
18 33% 33% 33% 33% 33% 33% 25% 37.5% 37.5% 
18-
21 25% 37.5% 37.5% 25% 12.5% 62.5% 12.5% 75% 12.5% 
21-
24 25% 25% 50% 25% 12.5% 62.5% 12.5% 75% 12.5% 
24-
27 62.5% 25% 12.5% 33% 33% 33% 33% 33% 33% 
27-
30 12.5% 25% 62.5% 33% 33% 33% 33% 33% 33% 
30+ 15% 70% 15% 15% 70% 15% 33% 33% 33%  
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Table 2. Participant reported language Confidence across her lifespan as gathered from the Language 
Usage Questionnaire (Kiran, Pena, Bedore, & Sheng, 2010). (100%= strong confident; 0%= not confident). 
Age 
Hearing Speaking Reading 
Amharic  English French Amharic  English French Amharic  English French 
3-6 100% n/a n/a 50% n/a n/a n/a n/a n/a 
6-9 100% 25% n/a 100% 25% n/a 50% 0% n/a 
9-12 100% 25% 25% 100% 25% 25% 75% 25% 25% 
12-15 100% 50% 50% 100% 50% 50% 100% 50% 50% 
15-18 100% 50% 50% 100% 50% 50% 100% 50% 75% 
18-21 100% 75% 75% 100% 75% 75% 100% 75% 100% 
21-24 100% 75% 75% 100% 75% 100% 100% 75% 100% 
24-27 100% 75% 75% 100% 75% 100% 100% 75% 75% 
27-30 100% 75% 75% 100% 75% 75% 100% 75% 75% 
30+ 100% 
75%-
100% 75% 100% 
75%-
100% 75% 100% 100% 75%  
Table 3. Participant reported Language Ability Rating on a scale from 1-5 (1= non-fluent and 5= native 
fluency). 
 Before Stroke After Stroke 
Amharic English French Amharic English French 
Overall Ability 5 4 4 3 3 2 
Speaking in casual 
conversations 
5 4 4 4 3 2 
Listening in casual 
conversations 
5 4 4 4 3 3 
Speaking in formal 
conversations 
5 4 4 4 2 2 
Listening in formal 
conversations 
5 4 4 4 2 3 
Reading 5 4 4 2 1 1 
Writing 5 4 4 1 1 1 
  
At the age of 55, she was diagnosed with a left frontal grade II oligoastrocytoma 
with extension into the left thalamus and basal ganglia with significant midline shift. She 
underwent a two-part frontal craniotomy for tumor resection. Her post-operative course 
was complicated by right hemiparesis and hyponatremia. Post-surgery CT and MRI 
revealed a left frontal infarct over the pre-central gyrus and she received a full stroke 
workup (See Figure 2 for MRI scans). She presented with language difficulties, most 
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notably with naming in English (L2) and French (L3). Language impairments also were 
reported at that time in Amharic (L1), but she had better command of this language as 
reported in her medical records and by the participant and her sister. A speech-language 
evaluation conducted in 2008 revealed a fluent aphasia characterized most significantly 
by naming deficits. Her auditory comprehension was judged to be relatively preserved. 
Some pathological switching between languages was also noted.  Since this evaluation, 
both she and her sister reported that she has seen some improvement in all three of her 
languages. However, the participant stated that she feels her language ability is most 
impaired in French (L3), less so in English (L2), and Amharic (L1) is the language that 
has shown the greatest improvement. In her daily life post aphasia onset, she is no longer 
employed, and speaks mostly in Amharic to friends and family. In addition to some 
speech language therapy conducted in English (1x per week), she also attends group 
therapy at a local hospital. She continues to watch English television and interact with 
other on a daily basis in this language. She reported that she has less opportunity to use 
her French since her surgery, but does have a few friends with whom she continues to 
speak.  
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Figure 2. Patient MRI scans completed January 2012. 
 
Language Evaluation 
 
 An evaluation of the participant’s skills in both English and French was obtained 
both prior to and immediately following treatment. Language evaluations in French and 
English were conducted by a native English graduate student in Speech-Language 
Pathology with fluent proficiency in French. Testing was done via the administration of 
the Bilingual Aphasia Test (BAT; Paradis, 1987), which examined post-stroke proficient 
levels in each language, and the Boston Naming Test (BNT; Kaplan, Goodglass, & 
Weintraub), which assessed naming in both languages. In addition, the Western Aphasia 
Battery (WAB; Kertesz, 1982) was given to assess aphasic symptoms and severity in 
English.  The Pyramids and Palm Trees (PAPT; Howard & Patterson, 1992) was used to 
examine semantic access from pictures, and the Cognitive Linguistic Quick Test (CLQT; 
Helms-Estabrooks, 2001) provided a measure of cognitive-linguistic ability in English. 
Due to a lack of language measures in Amharic, we were unable to formally test language 
proficiency in the participant’s L1. This absence does underscore a weakness in the 
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current study, however, without formal language measures in Amharic, a standardized 
measurement of her L1 impairment was impossible. 
 A narrative generation task was also completed to look at language at the 
discourse level (see Appendix A for transcription). The participant told a story based on 
the Mercer Mayer’s wordless picture book, Frog Where Are You.  
Pre-treatment language testing revealed an aphasia profile largely consistent with 
the 2008 evaluation. The patient presented overall with a moderate aphasia characterized 
by fluent speech, impaired repetition and naming deficits. Auditory comprehension was 
relatively preserved. Severe naming deficits were seen in both French and English as 
measured by the BNT. The BAT, which measured both English and French language 
skills on a number of subtests, revealed English to be the patient’s stronger language. A 
more detailed description of language testing results both pre- and post-treatment will be 
discussed in the Results section. 
 
Non-linguistic task 
Our participant also completed a non-linguistic control task geared to test 
inference suppression (IS) apart from language. This non-linguistic IS task was based on 
Erickson and Erickson’s (1974) Flanker Task and has been frequently used to investigate 
attentional control processes. The basic task requires a fast response to a centrally 
presented target stimulus, which is flanked by several distractor stimuli that also activate 
response channels. The task included congruent, incongruent and neutral conditions. A 
congruent trial is one in which the flankers are associated with the same response as the 
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target (e.g. < < < < <), whereas in an incongruent trial, the flankers are associated with a 
competing response (e.g. < < > < <). The participant completed this task both pre- and 
post-treatment.  
 
Treatment Stimuli  
Treatment stimuli were chosen from a Spanish/English pre-treatment first naming 
baseline task developed by Edmonds and Kiran (2006). 150 words were translated into 
French by a French speaking graduate student and proofread for accuracy by a bilingual 
French-English Ph.D. student. These words were presented to the participant in a baseline 
confrontation naming task, and from the results six stimulus sets were created: French Set 
1, English Set 1, French Set 2, English Set 2, French Control and English Control. Set 1 
was semantically related to Set 2, and the Control set contained words not related to 
either Set 1 or Set 2. All word pairs were category coordinates (e.g. nail and screw). 
Cognate pairs were removed with the exception of one control target (vest/veston). At all 
times possible, both the target word and its semantic pair were missed by the patient in 
the baseline task in both languages. Selected control words were all missed in both 
languages at baseline. All sets contained 15 words, totaling 45 different items and their 
translations. See Appendix B for complete list of stimulus sets. 
 For each item (e.g. nail), five semantic features were selected. These features 
referred to the superordinate category (e.g. tool), function (e.g. used to build), general 
characteristic (e.g. is sharp), physical characteristic (e.g. made of metal), and location 
(e.g. found in a workshop). During treatment, the participant was also asked to generate 
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her own personal association for each item during each session. This served to increase 
the functional value of the treatment and provide a salient feature to which the participant 
might be able to associate the stimulus word. In addition to these six semantic features, 
six distractor features were also created for each target item. 
 
Design 
 The purpose of this study was to examine the efficacy of a single treatment 
(semantic feature analysis) in improving the naming skills in both French and English in 
this trilingual participant using a single subject multiple baseline design (Thompson, 
2006). The participant was originally given treatment in French (L3), as determined to be 
her weakest language post aphasia onset on both the LUQ and pretreatment language 
testing. Treatment was given on French Set 1, and generalization to English Set 1, French 
Set 2, and English Set 2 was measured. This allowed for examination of generalization 
both across languages, and also across semantically related items in the same language. 
Upon completion of the 10-week treatment period in French, a second treatment period in 
English was started. Further baseline data was collected between the two treatment 
sessions. The second session trained English Set 2, with measurement of generalization to 
French Set 2, English Set 1, and French Set 1. In addition to accuracy and generalization 
patterns, instances of cross-linguistic interference were also measured. Such a design 
allowed examination of whether treatment in her L2 (English) would provide more 
treatment gains and more generalization than treatment in her L3 and weakest language 
(French), and whether the language of treatment had an effect on linguistic interference.   
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Procedures 
 
Baseline Measures 
 
 Prior to treatment, three baseline sessions were completed with the established 45-
word stimulus set. This was done through a confrontation naming task in which the 
participant was shown each picture and instructed to name the item. Stimuli were 
presented in a random order; however, the clinician intervened to ensure that items from 
the same semantic category were not presented back-to-back. Before presentation of the 
items in each language, the clinician and the participant conversed in the target language 
for 5-10 minutes as a way to get the participant in set for the target language. The order 
of presentation of languages was counterbalanced across sessions (i.e. Session 1: 
English/French; Session 2: French/English). Across all probes, responses were 
considered correct if they were clear and intelligible. Self-corrections, dialectal 
differences, as well as a distortion/omission/addition of one vowel sound were aloud. 
Items stated correctly in the non-target language were probed (e.g. “Can you give me the 
name in English.”) and if the participant subsequently responded correctly in the target 
language, credit was given. However, all instances of such interference were tallied and 
further analyzed. This will be discussed further in the results/discussion sections.  
 Baseline measures were repeated in-between the French and English treatment 
sessions, as well as post-treatment. 
Treatment 
A semantically based treatment protocol previously developed by Kiran & 
Thompson (2003) and Edmonds & Kiran (2006) and replicated in Kiran & Roberts 
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(2010), Kiran & Iakupova (2011), and Kiran et al. (2013) was employed. Treatment was 
provided in two 2-hour sessions for a period of 10-weeks. A month was taken between 
the French treatment session and the English treatment session in which baseline data 
was gathered. During each treatment period, a one-week break was taken to 
accommodate clinician/participant conflicts; however this was balanced across treatment 
periods and as such, should not interfere with treatment results.  
During the initial four weeks of treatment, the first hour of the second session 
each week was dedicated to treatment probes. However, after the fourth week, this was 
changed in an attempt to decrease cross-linguistic interference. Instead of probing both 
languages on the same day, the protocol was shifted so that the first 30-minutes of each 
treatment session were dedicated to treatment probes. Probing of French and English 
alternated across sessions. The final 90 minutes of the session were dedicated to 
treatment. The participant performed six steps that focused on the semantic features of 
the target item. First (1) the participant was presented with a picture and asked to name 
the target item.  Regardless of the participant’s accuracy, the clinician then named the 
object and placed the printed name above the picture. Then (2) the participant was given 
a set of 12-cards with 5 semantic features and 5 distractors. The patient read each card 
aloud and sorted them into “correct” and “incorrect” features. Salient semantic features 
were placed on the table below the picture, and distractor cards were discarded to the 
side. The clinician provided any necessary feedback to reinforce correct selection or to 
correct erred selection of a distractor card. Following this (3), the patient generated one 
association and one non-association for the target word (e.g. a nail reminds me of a 
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hammer). The clinician provided support as needed to generate associations, modeling 
what was expected if the participant was unable to come up with a word independently. If 
the clinician was unsure about the saliency of the association the participant was asked to 
explain her choice. This association was then written on a card and placed with the other 
semantic features. Next (4), the patient read each of the features out loud, followed by the 
clinician. This was done to reinforce the features and to allow the participant to process 
them through both reading and auditory channels. Following this (5), the picture was 
turned over and all feature cards were removed. The participant was asked a series of 12 
yes/no questions pertaining to the semantic features and distractor items (e.g. Is it a 
vegetable? Is it found in a workshop?). Finally (6), the picture was turned back over and 
the participant was asked to name the target item. An attempt was made to complete each 
target item at least once a week. In the seventh week of the first treatment period, a 7th 
step was added when the participant requested to write each item down in an attempt to 
further her learning of the target item.  
 
Treatment Probes 
 Treatment probes, identical to the baseline confrontation naming task, were given 
weekly to the participant at the beginning of every treatment session. English was probed 
one session, and French the next to minimize possible interference effects of probing both 
languages on the same day. Procedure for treatment was identical to that of baseline 
probes.  
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Data Analysis 
Treatment probes served as the primary dependent measure in the study. As per 
Edmonds & Kiran (2006) protocol, treatment was discontinued when naming accuracy 
reached 80% for two consecutive sessions or when a total number of 20 treatment 
sessions were completed. For the participant in question, the full 20 treatment sessions 
were completed in both the French and English treatment periods. Generalized naming to 
the untrained examples was considered to be significant when accuracy increased by 40% 
from baseline levels. Maintenance testing of the 45 probe items and their translations was 
completed two weeks post the final baseline measure. Procedures and analysis were the 
same as those used during baseline. ES was calculated by comparing the mean of all data 
points in the post treatment phase relative to the baseline mean divided by the standard 
deviation of the baseline data points. The benchmarks set for the present study were 4.0 
(small ES) and 10.0 (large ES) (Beeson & Robey, 2006). 
 
Reliability and Error Analysis 
All treatment probes were transcribed online by the graduate student clinician, 
and then checked via digital recording as the responses were recorded in the computer.  
 
Analysis of Errors    
A detailed error analysis looking at the role of interference in probe responses was 
completed by an undergraduate student.  After all responses were coded across all 
sessions, a number of measurements were obtained:  the number and type of each error, 
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the average number of error responses across sessions, and the total percentage of each 
type of error. These meaurments were then compared between baseline testing, post 
French treatment, and post English treatment to examine how the treatment affected the 
most common types  of responses. In addition, as the participant often switched between 
langauges during sessions, instances of interfence of the non-target langauge into the 
target langauge were tallied for both French and English and charted across both treament 
periods.  
         Table 4. Types of errors and their respective codes as assigned in error analysis. 
(1) No Response/“I don’t know” in non-target language 
(1.5) No Response/“I don’t know” in target language 
(2) Neologism in non-target language 
(2.5) Neologism in target language 
(3) Perseveration to a non-probe 
(3.5) Perseveration to a probe in session 
(4) Unrelated word in non-target language 
(4.5) Unrelated word in target language 
(5) Circumlocution in non-target language 
(5.5) Circumlocution in target language 
(6) Semantic Error in non-target language 
(6.5) Semantic Error in target language 
(7) Mixed Error in non-target language 
(7.5) Mixed Error in target language 
(8) Phonemic Error in non-target language 
(8.5) Phonemic Error in target language 
(9) Correct in non-target language 
(9.5) Dysarthric/apraxic intelligible response 
(10) Accent Influence in target language 
(10.5) Correct in target language 
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RESULTS 
PERFORMANCE ON MEASURES OF LANGUAGE IMPAIRMENT 
Performance on language tests in English 
Results of the WAB revealed that the participant had a moderate aphasia in 
English (AQ=73.6) characterized by fluent speech, impaired repetition and naming 
deficits. Auditory comprehension was relatively preserved, though some vulnerabilities 
were noted with sequential commands. Of note, on the picture description of the WAB, 
the participant often inserted French words into her English description. (see transcript in 
Appendix A). However, as English was not our participant’s L1 the WAB may not serve 
as a truly representative measure of her language impairment. On the PAPT, moderate 
deficits were observed suggesting difficulties in retrieving conceptual/semantic 
information about test items. The CLQT revealed mild-severe deficits across subtests. 
Language and Executive functions were found to be the most severely impaired, whereas 
Attention and Visuospatial skills were only mildly impaired. Scores for each subtest are 
presented in Table 5.  
 
Performance on language tests in English and French 
 The participant showed severe naming deficits on both the English and French 
versions of the BNT. While phonemic cues did help her in in both languages, she only 
reached the correct response on approximately 1/3 of the items for which a cue was 
given.  
 Selected subtests of the BAT were given in both languages, including Part C, 
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which evaluates translation of words and sentences across languages. Results revealed 
that performance in English was stronger or equal to French performance on 11 out of 15 
subtests. Scores were lower for semantic tasks, such as requiring the participant to 
identify a synonym or antonym, or group items into semantic categories. Subtests 
requiring auditory or reading comprehension were less impaired. See Table 6 for 
complete score reporting. 
Table 5. Pre- and post- language performance on tests administered in English only (WAB; Kertesz, 1982, 
PAPT; Howard & Patterson, 1992, and CLQT; Helm-Estabrooks, 2001)  
 
Test Pre Post 
Western Aphasia Battery (WAB)     
   Spontaneous Speech (%) 80 75 
   Auditory Comprehension (%) 85 87 
   Repetition (%) 68 86 
   Naming (%) 55 60 
   Aphasia Quotient (%) 73.6 76.6 
    
Pyramids and Palm Trees (PAPT)   
   3 pictures (%) 68 58 
Cognitive Linguistic Quick Test 
(CLQT)   
   Attention mild mild 
   Memory moderate moderate 
   Executive functions severe severe 
   Language severe severe 
   Visuospatial skills mild moderate 
   Clock drawing moderate mild 
   Composite severity moderate moderate 
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Table 6. Pre- and post- language performance on tests administered in English and French (BNT; Kaplan et 
al., 2001 and  BAT, Paradis, 1987)  
Test 
  
English  French  
Pre Post Pre Post 
Boston Naming Test (BNT) (%) 23.33 16.67 20 15 
          
Bilingual Aphasia Test (BAT)         
   Pointing (%) 100 100 90 90 
   Semicomplex commands  (%) 100 90 80 90 
   Complex commands  (%) 90 60 50 70 
   Verbal Auditory Discrimination  (%) 61.11 61.11 61.11  72.22 
   Semantic Categories  (%) 40 60 40 60 
   Synonyms  (%) 0 20 60 60 
   Antonyms  (%) 40 40 20 40 
   Antonyms II   (%) 40 40 40 40 
   Grammaticality judgment  (%) 80 60 60 50 
   Semantic Acceptability  (%) 90 60 70 80 
   Sentence repetition  (%) 71.43 71.43 100 100 
   Semantic opposites  (%) 40 50 40 50 
   Listening comprehension  (%) 80 100 60 80 
   Reading  comprehension - text  (%) 16.67 50 0 33.33 
   Reading comprehension - sentences  (%) 60 70  70 70  
          
BAT - Part C         
   Word Recognition (French - English) (%) 80 60 NA NA 
   Word Recognition (English - French) (%) 100 100 NA NA 
   Translation of words (French - English) (%) 10 30 NA NA 
   Translation of words (English- French) (%) 30 0 NA NA 
   Translation of sent (French - English) (%) 16.67 11.11 NA NA 
   Translation of sent (English - French) (%) 16.67 0 NA NA 
 
The narrative generation task revealed fluent speech that was often lacking in 
content (see transcriptions in Appendix A). The patient had marked word finding 
difficulty that often resulted in fillers, hesitations, and incomplete utterances. In addition, 
interference between the two languages was present both pre- and post-treatment. There 
was markedly more interference present in French narratives than English. For example, 
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the participant often used English words and phrases when giving her narrative in French, 
as illustrated in the following short excerpts: 
Le petit garçon et le chien, ils se trouvent dans la chambre. Le petit garçon est 
dormi et le chien regarde dans le pot, and here two of them sont dormis. 
 
 And here the grenouille came out et le petit garçon, il crie. 
It is notable that these instances of interference occur within sentences as opposed to 
across sentences. This pattern of inter-utterance mixing was most prevalent for our 
participant.  
All pre-treatment tests given prior to initiation of semantic therapy were given 
again at the end of treatment. The participant demonstrated variable performance pre- and 
post- treatment. All results can be seen in Tables 1 and 2.  
 On tests administered in English only, the participant showed modest gains on the 
WAB AQ (73.6 - 76.6) with the most dramatic improvement on the repetition subtest. 
Performance on the PAPT decreased by 10 points, whereas scores on the CLQT remained 
relatively constant. The BNT saw a decrease in performance in both languages. On the 
BAT, performance fluctuated across subtests in both languages, however a few trends 
emerged. Overall, the participant had equal or improved performance on all French 
subtests, most notably on complex commands, semantic categories, antonyms, listening 
comprehension and reading comprehension (change greater or equal to 20%). In English, 
results were more variable. However, many of the subtests that saw improvement 
mirrored those on the French BAT, such as semantic categories, listening comprehension 
and reading comprehension. Performance decreased in semantic acceptability and 
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grammatically judgment, as well as complex commands. Part C showed fluctuations 
across subtests in terms of translation ability, with no distinct trends emerging. 
 
PERFORMANCE ON NON-LINGUISTIC FLANKER TASK 
Results of the non-linguistic flanker task as completed pre- and post-treatment are 
reported in Table 7. 
  Table 7. Flanker data pre and post treatment. 
 Pre-treatment Post-treatment 
 Congruent Incongruent Congruent Incongruent 
Accuracy 50% 55% 45% 50% 
Response Time 1533.7 1720.9 1081.7 1051 
 
The participant performed at or near chance on both conditions (congruent and 
incongruent) both pre- and post-treatment. The slightly higher accuracy on incongruent 
trials is contradictory to current research findings that show increased difficulty with 
incongruent trials due to the need to suppress the conflicting flanker distractors. 
However, this detail is not significant when you consider her overall scores which show 
poor performance on both task conditions and may be indicative of deficits in general 
attentional control processes, not limited to linguistic tasks. 
 
PERFORMANCE ON TREATMENT TASK  
Naming Accuracy 
Results of treatment probes are presented in Figures 3 and 4 in a multiple baseline 
format showing the percentage of correct items for French and English trained, 
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semantically related untrained, and control items across both 10-week treatment sessions.  
The participant began the first treatment period in French after an initial three sessions of 
baseline probes. Treatment resulted in a 42% increase in accuracy for trained items (11% 
accuracy at baseline probes increasing to 53% accuracy in post-tx probes; ES= 4.14). 
Generalization to semantically related words was weak (ES= 1.67), and as illustrated in 
Figure 3, response accuracy was variable. Cross-linguistic generalization was also absent 
on the translation of target items and their semantic pair; performance on English Set 1 
(ES = -0.43) and Set 2 (ES= -0.33) suffered slightly as a result of French treatment.  
At the end of the first phase of treatment, following 3 post-treatment session 
probes, the second phase of treatment targeting English Set 2 was undertaken. Once 
again, a notable increase on the accuracy of trained items was observed. Baseline data for 
English Set 2 remained relatively constant (24% and 26%) both pre- and post- French 
treatment respectively, showing a lack of treatment effect from this treatment period. 
Once English treatment was initiated, accuracy increased a total of 17.8%, reaching 
42.2% accuracy on trained items (ES = 1.74). Once again, no within-language 
generalization effect from trained words to semantically related items was seen (ES 
=0.28), and cross-linguistic generalization to French items was absent as well (ES= -
0.58). In addition, it is notable that once treatment stopped on French Set 1 items, there 
was a slight decline in accuracy during the English Set 2 treatment phase. On post-
treatment probes (probes 31 and 32 on Figure 3), once English treatment had stopped, 
accuracy for trained French items once again increased, although not back to the same 
level as immediately following the French treatment phase.  
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One maintenance probe, conducted two weeks following the final post-treatment 
baseline revealed that while there was a decrease in accuracy on French and English 
trained items, performance was still slightly above baseline levels for both languages. 
Untrained semantic items and unrelated controls showed little change from treatment and 
baseline probe data.  
 
Figure 3. Naming accuracy on French Set 1 (trained), French Set 2 (semantically related) and 
French control items across French and English treatment periods. Training of Set 1 items began 
immediately following pre-treatment baseline, and was discontinued after 10 sessions. 
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Figure 4. Naming accuracy on English Set 1 (semantically related), English Set 2 (trained) and 
English control items across French and English treatment periods. Training of Set 2 items began 
immediately following mid-treatment baseline, and was discontinued after 10 sessions. 
 
 
Table 8. Effect sizes for French and English stimuli sets across treatment phases. Bold denotes 
trained effect size 
 French 
Set 1 
French 
Set 2 
French 
Control 
English 
Set 1 
English 
Set 2 
English 
Control 
Phase 1 
(FR tx) 
4.14 1.67 2.67 -0.43 -0.33 0 
Phase 2 
(EN tx) 
-1 -0.58 -0.28 0.28 1.74 0.28 
  
Error Analysis  
 
A detailed error analysis was completed for all responses produced during 
baseline and treatment probes. Errors are presented below for the initial baseline sessions, 
and then baseline probes that followed each treatment period. Errors are reported out of 
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45 (15 items across each of the three baseline sessions). For the post-treatment data, two 
post-treatment probes as well as the maintenance probe (two weeks post the final probe 
session) are reported. Raw numbers are presented for both French and English stimulus 
sets in Table 9. In addition, examples of errors from each subtype are available in 
Appendix C. 
For French errors, the principle types at baseline were No Response/”I don’t 
know,” circumlocutions, and semantic errors. Of note is the divide between “I don’t 
know” responses in the target language (French) and the non-target language (English), 
as these types of cross-linguistic errors only occurred on the French stimulus sets. It can 
be hypothesized that this may be due to the routine/over-learned phrase “I don’t know” in 
English, which the participant used regardless of the target language.  
For the trained French stimulus set, as can be expected, there was a marked 
decrease in both semantic errors and circumlocutions from baseline, and an increase 
(6/45 to 24/45) in correct responses following French treatment. In addition, what few 
circumlocutions and semantic errors in the non-target language were present at baseline, 
decreased to 0 following the French treatment phase.  However, once treatment ended on 
this set of words, we see an increase in these types of errors following the English 
treatment phase. Both semantic and circumlocutions in the target and non-target 
languages saw an increase, and overall accuracy on this set decreased.  
Error patterns on semantically related and control stimulus sets in French saw 
little substantial change during treatment, and no obvious trends emerged. There is a 
decrease in the number of “I don’t know” responses seen on the semantically related set, 
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however, aside from this, error types such as semantic errors and circumlocutions 
fluctuated only slightly by a couple of errors in either direction. Strangely, an increase in 
correct responses in the non-target language (interference) was seen on the semantically 
related set, independent of any treatment in English. However, this may be attributed to a 
general increase in interference overall as treatment progressed.   
English error types at baseline were similar to those in French, mostly comprised 
of  “I don’t know,” semantic errors and circumlocutions. After English treatment, these 
still prevailed as the most common errors, however their numbers decreased. 
On both French set 2, and English set 1 (the translations of the trained items) there 
was an increase in the number of cross-linguistic responses given during the competing 
treatment phase. That is, during French treatment of Set 1 items, the participant more 
often produced the correct French word, even during the English probe. The number of 
errors increased from 4 at baseline, to 16 following the French treatment phase. What is 
notable however, is that once English treatment started, this number decreased to only 10 
instances post-treatment. Therefore, it seems that once French treatment of these words 
was discontinued, the participant was able to resolve some of the interference.  This 
cross-language interference as seen in the error analysis will be discussed in depth in the 
subsequent section. 
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Table 9. Evolution of errors reported in raw numbers. Errors have been tallied for three pre-tx baselines, three mid-session baselines, and three post-tx 
baselines. Numbers are represented out of 45 (15 items x three probe sessions). Averages were not taken in order to preserve integrity of the data.
 
English 1 English 2 (Trained) English Control French 1(Trained) French 2 French Control 
BL 
Post 
tx 1 
Post 
 tx 2 BL 
Post 
tx 1 
Post 
tx 2 BL 
Post 
tx 1 
Post 
tx 2 BL 
Post 
tx 1 
Post 
tx 2 BL 
Post 
tx 1 
Post 
 tx 2 BL 
Post 
tx 1 Post tx 2 
(45) 
 
(45) 
 
(45) (45) (45) (45) (45) (45) (45) (45) (45) (45) (45) (45) (45) (45) (45) (45) 
No Response-NTL 0 0 0 0 0 0 0 0 0 4 0 0 3 0 0 6 1 0 
No Response 9 5 3 7 12 6 10 4 0 3 9 2 9 4 3 3 2 2 
Neologism-NTL 0 2 2 1 0 0 0 1 1 0 0 0 0 0 1 0 0 2 
Neologism 0 2 1 0 4 0 0 3 2 1 2 2 1 2 0 1 5 2 
Perseveration to a non-
probe 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Perseveration to a 
probe 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Unrelated-NTL 1 1 1 1 1 0 0 0 1 0 0 1 0 1 0 2 1 1 
Unrelated 2 1 1 1 3 1 0 0 1 4 2 1 2 3 2 2 0 1 
Circumlocution-NTL 0 0 1 1 0 3 1 0 0 2 0 2 2 2 2 3 2 6 
Circumlocution 9 6 8 8 5 3 5 11 8 8 2 7 8 6 7 2 4 0 
Semantic Error-NTL 2 5 4 0 1 5 5 4 8 2 0 2 2 2 1 9 4 6 
Semantic Error 10 2 5 10 7 5 19 14 11 10 4 8 11 10 9 13 13 15 
Mixed Error-NTL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mixed Error 0 0 1 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 
Phonemic Error-NTL 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Phonemic Error 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Correct-NTL 4 16 10 4 1 3 1 4 8 3 1 1 1 4 9 1 2 1 
Dysarthric/apraxic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Accent Influence in TL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Correct 8 5 3 12 11 19 4 4 5 6 24 19 6 11 9 3 11 9 
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Cross-linguistic Interference 
 As a subset of the error analysis, instances of interference on weekly probes were 
closely tabulated. These errors occurred most often on probes that targeted the translation 
of the trained stimulus set in the respective treatment phase (i.e. English set 1 and French 
set 2). While some interference was seen on semantically related and control probes 
(notably on the English control set), this was not as common. 
 Interference data for English Set 1 and French Set 2 are illustrated in the graphs 
below (Figures 5 and 7). In addition, week by week data is presented that specifically 
charts the evolution of correct probe responses given in the non-target language (Figures 
6 and 8). In the initial 10 weeks of treatment, where all therapy was conducted in French 
on French Set 1, there is an increase in the number of cross-linguistic responses given 
on English probes. At weeks one and two, these errors account for approximately 15-20% 
of all responses, whereas by weeks nine and ten, they reached 45-50%. Once the French 
treatment stopped, while there is a decreasing trend, responses of this type never 
consistently dropped back to baseline levels.  
 Cross-linguistic responses on French Set 2 (semantically related) items remained 
relatively stable throughout the French treatment phase, with some week-to-week 
variation. However, once the second phase of treatment began on the English translations 
of this stimulus set, there is an increase (15%-40%) in the number of cross-linguistic 
responses given. 
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Figure 5. Percent of correct responses calculated from baseline, midsession, and post-treatment probes for 
Stimulus set 1 (trained in French). An increase can be seen in correct target language responses (response 
to treatment) and in cross-linguistic errors in French (interference).  
 
 
Figure 6. Session by session evolution of cross-lingustic responses (interference) on English probes of 
Stimulus set 1. During the intial French treatment phase, instances of intereference increased at a steady 
rate.  Once treatment in French stopped, a slight, aleit varable, decrease can be noted. BL = Baseline; FP = 
French Probe; MBL = Mis-session baseline; EP = English Probe; PBL = Post-treatment baseline; M= 
Maintenance.  
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Figure 7. Percent of correct responses calculated from baseline, midsession, and post-treatment probes for 
Stimulus set 2 (trained in English). An increase can be seen in correct target language responses (response 
to treatment) and in cross-linguistic errors in English (interference).  
 
 
Figure 8. Session by session evolution of cross-lingustic responses (interference) on French probes of 
Stimulus set two. During the intial French treatment phase, respones stayed at or below 20 percent of 
errors. However, once English treatment began on these words, interference from English increase at a 
steady rate. BL = Baseline; FP = French Phase Probe; MBL = Mis-session baseline; EP = English Phase 
Probe; PBL = Post-treatment baseline; M= Maintenance. 
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Conceptual Accuracy 
 
 To account for cross-linguistic interference, conceptual scores were also 
tabulated. For the conceptual score, the particiapant received full credit for a corrent 
probe item regardless of the language used. This measure seeks to outline overall 
conceptual learning of trained items without the demand of accessing the name in a 
specfic language. Conceptual data for stimulus set 1 and stimulus set 2 are presented in 
Figures 9 and 10 and Table 10.  
 Conceptual scores for both stimulus sets fall above the data for either language. 
For example, in week 5 of the French treatment period, the particapant was 27% accurate 
on the French probe and 20% accurate on the English probe. However, these scores do 
not take into account corrent responses given in the non-target langauge. The conceptual 
score shows that should the specfic language of the probe be disregarded, and translations 
accepted, the partipant performed with 53% accuracy. For both English and French data, 
the conceptual score trend hovers slightly above or equal to the trained language on all 
probes.  This shows that therapy has resulted in improved lexical access; however this 
access is overshadowed by the cross-linguistic interference patterns discussed above. 
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Figure 9. Conceptual scores for Stimulus set 1 across French and English treatment phases, and baseline, 
mid, and post treatment probes. 
 
 
 
Figure 10. Conceptual scores for Stimulus set 2 across French and English treatment phases, and baseline, 
mid, and post treatment probes. 
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Table 10. Evolution of accuracy scores across languages and conceptual representation. 
Accuracy score are reported as percent correct and reflect an average of the three pre/mid/post 
treatment baselines. 
  
Pre-Treatment 
(%) 
Post- French Tx 
(%) 
Post-English Tx 
(%) 
Set 1 (trained 
French) 
French  11.1 53.3 46.6 
English 17.8 8.9 11.11 
Conceptual 28.8 60 53.3 
Set 2 (trained 
English) 
French  13.33 36.67 36.67 
English 26.66 24.44 42.22 
Conceptual 28.88 51.1 57.8 
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DISCUSSION 
In this study a trilingual aphasia patient received two phases of semantic 
treatment, first in her L3 (French) followed by her L2 (English), in order to examine 
generalization and interference patterns across her languages. Probe data was collected 
pre-treatment, in-between the two phases, and post-treatment in both French and English. 
Note that this study is focused on this patient’s L2 (English) and L3 (French) due to the 
lack of language norms in her L1 (Amharic). 
As predicted, the results demonstrated an increase in accuracy rates for trained 
items in both treatment phases, and an overall increase in conceptual scores for both 
trained stimulus sets.  This provides support regarding the efficacy of semantic treatment 
for improved lexical access.  
In terms of predicated generalization, our participant did not demonstrate any 
generalization effects of treatment in either phase. French treatment resulted in only weak 
within-language generalization and a negative treatment effect was observed across 
languages. Likewise, during the second phase of treatment in English, there was no 
within-language generalization to semantically related items and generalization to the 
French translations of the trained items and to translations of semantically related items 
were both absent. 
These findings are in opposition to other studies looking at cross-linguistic 
generalization patterns. In a study by Edmonds & Kiran (2006), all three Spanish-English 
bilingual patients showed generalization to the translations of trained words across 
languages.  Similar findings have been replicated in numerous studies using the same 
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treatment paradigm (Kiran & Roberts, 2009; Kiran & Iakupova, 2011; Kiran et al. 2013). 
These results are consistent with expected patterns of generalization when considered in 
light of the Revised Hierarchal Model (Kroll & Stewart, 1994). This expectation is built 
upon the model’s principle that states L2 is learned via L1. Therefore, in training L2, the 
stronger unidirectional connection from L2 and L1 would facilitate treatment gains. 
However, due to the multiple languages at play in our study, and the fact that gains were 
measured in L2 and L3, but not L1, it is not altogether surprising that a different picture 
can emerge. However, similar results of a link between L3 and L2 have been seen in a 
case study conducted by Goral et al. (2010).  In this study cross-language generalization 
in a trilingual patient was present from L2 to L3 on a morphosyntactic task, but no 
generalization from L2 to L1. Miertsch, Meisel, & Isel (2009) completed a case study in 
which treatment of L3 in a trilingual patient lead to generalization and parallel 
improvement in L2. Therefore, cross-linguistic generalization between L2 and L3, while 
present in the literature, was absent in the current study. 
 We must ask ourselves then, why did our participant not see the same levels of 
cross-language generalization from her L3 (French) to her L2 (English) and vice versa as 
have been seen on previous studies. This question can be explored using an integrative 
framework encompassing two overlapping mechanisms that may influence treatment 
effects. The first is that of spreading activation, which is a generalized mechanism of 
increasing activation as a function of treatment. Through spreading activation, 
connections spread outward from the trained item to its semantically related counterparts 
both in the trained and untrained language (Kiran et al, 2013). The second mechanism is 
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one of inhibitory control. In their recent article regarding within and cross-language 
generalization, Kiran et al. (2013) propose that to maximize treatment gains in an 
individual with aphasia, increased activation due to the general effects of treatment must 
outweigh the inhibition/interference of specific items during lexical selection. For our 
patient, this is not the case. Instead it becomes clear, that increased levels of cross-
language interference negatively affect treatment gains. There were significant levels of 
interference tabulated across both French and English treatment sessions. In both 
treatment phases, the direct training of lexical items in one language appeared to inhibit 
the participant’s ability to access this word in her other language. During weekly probes 
taken across the French treatment phase, the number of cross-linguistic responses on 
probes increased at a relatively steady rate.  For example, pre-treatment probes for 
English Set 1 showed that correct responses in the non-target language comprised 8.88% 
of all errors. After Phase 1 of treatment, this number increased to 35.55%.  While the 
majority of interference had its source in the trained language (i.e. French interference 
during French treatment phase), the opposite was seen as well. The participant also had 
instances of English interference on French probes during the French treatment session, 
highlighting the complex nature in which two or more languages can interact, and 
suggesting the involvement of the greater cognitive-linguistic control process as a whole.  
In terms of generalization to control items, an interesting effect emerged.  We 
predicted no generalization to control items would be seen in treatment. For English 
items in phase 2 of treatment our hypothesized was realized in an effect size of 0. 
However, during French treatment, a small gain was seen (ES = 2.67). While this effect 
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size is small, it is notable that it is in fact greater than French semantically related items 
(ES=1.67). This is contradictory to past studies which have shown generalization effects 
across semantically related items with no change seen in control items. However, when 
considered in light of the patient’s patterns of interference, we can shed some light on this 
unusual result. Our results have shown an increase in interference as treatment 
progressed, as evidenced by negative cross-linguistic effect sizes. This interference effect 
appears to be inhibiting generalization effects. These control items, however, are 
semantically removed from the trained items, and as such, share fewer lexical 
connections in the language system. Therefore, while generalization in inhibited due to 
increased interference between Set 1 and Set 2, this control set stands apart and is not as 
caught up in these increased levels of competition. Therefore, while gains are modest at 
best, they surpass that of the semantically related items because semantic interference is 
not as high a factor.    
 The distinct increase in interference during treatment sessions must be considered 
in terms of language control and interference suppression as discussed by Green (1998; 
2007) and Abutalebi (2007; 2008). It has already been proposed that for a multilingual 
speaker, language expression is an inherently competitive process. Different languages 
compete for selection and the speaker much resolve that competition in order to produce 
the name of an object in the correct language. FMRI studies (Abutalebi & Green, 2007; 
Abutalebi, 2008; Botvinick, Braver, Barch, Carter, & Cohen, 2001) have explored the 
neural network responsible for cognitive linguistic control and have found that this circuit 
involves the interaction several regions, including the prefrontal, inferior parietal and 
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anterior cingulate cortices, and the basal ganglia (Abutalebi and Green, 2007). Therefore, 
one possible explanation for the interference effect in our participant may be related to 
the location and extent of her lesion. MRI scans show that she has suffered damage to 
both the prefrontal cortex and basal ganglia, both important structures in Abutalebi’s 
model of neurocognitive control. 
Abutalebi and Green (2007) have argued for the central role in the prefrontal 
cortex in for language processing in multilingual speakers. They attribute this to its 
strategic position and interconnectivity with both cortical and subcortical structures. The 
prefrontal cortex has long been implicated in the realm of executive functions, such as 
planning, organizing, problem solving, and response inhibition. As such, models of 
neurocognitive control conceptualize prefrontal functions as exerting a “top down” 
influence that facilitates processing of task-relevant representations even in the presence 
of conflicting or irrelevant ones. In a multilingual speaker, this could be seen in a task 
where a speaker needs to inhibit one language in order to produce another. Once the 
given task is established (e.g. speaking in L2), competition with alternate tasks (speaking 
in L1/L3) must be regulated and monitored, and requires cognitive resources directed 
towards self-monitoring, and attention. Our participant’s damage to the prefrontal cortex 
could be hypothesized to disrupt this system of cognitive control. Indeed, on pre- and 
post-treatment testing, she showed severe deficits in executive functioning as measured 
by the CLQT. It is reasonable to postulate that difficultly inhibiting conflicting 
information on both language and non-language tasks may be attributed to a disruption in 
the prefrontal cortex. This is further supported by her poor performance on the non-
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linguistic flanker tasks measuring interference suppression. She was unable to modulate 
conflicting information even on a non-linguistic level, illustrating the broad spectrum of 
her deficits in cognitive control. 
Also critical to our discussion about language inhibition is the basal ganglia, 
which studies have revealed to be involved in language control. Abutalebi, Annoni, et al. 
(2007) showed specific activation on the head of the left caudate nucleus in a bilingual 
naming task. This same level of activation was absent when subjects were in a 
monolingual naming task. Another study revealed an increase in perseveration in picture 
naming when the head of the caudate was stimulated (Robels, Gastignol, Capelle, 
Mitchell & Duffau, 2005). Research has suggested that “non-automatic” languages, such 
as L2 or L3, may require a higher degree of basal ganglia involvement in order to both 
facilitate their activation and inhibit the competing L1 (Abutalebi & Green, 2007; 
Abutalebi, 2008). Our participant’s damage to the basal ganglia may be a factor in the 
disruption to her ability to control language output through inhibition of conflicting 
lexical activation. 
It is important to consider the implications of this interference in the general 
effectiveness of the semantic treatment paradigm. The interference effect makes it more 
difficult to ascertain treatment gains. However, when learning is considered through the 
participant’s conceptual scores, instead of via one language or the other, a slightly 
different picture emerges. The conceptual score reflects a correctly named item regardless 
of the probe’s target language. For example, on an English probe, a response of “clou” 
for the picture of a nail would still be considered conceptually correct because the 
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participant demonstrates semantic knowledge of the item despite not being able to 
retrieve it in the correct language. Results showed that the conceptual scores were 
consistently higher than scores in either of the two languages. This is evidence that while 
cross-language interference may have inhibited the participant from accessing the correct 
languages during a specific probe, treatment nevertheless resulted in improved 
conceptual/semantic representations of the trained words.   
We also considered interference in the participant’s narrative discourse.  During 
this task, done both pre-treatment and post-treatment, the participant described a wordless 
picture book. Overall, there was more English interference in the French discourse than 
the inverse (See appendix A for transcriptions). These results are consistent with Goral’s 
(2006) study, which showed that most instances of interference occurred during the 
language which had recovered the least. Our participant was weakest in French post 
stroke, both as judged through baseline testing measures and self-report, therefore it 
follows that there were more instances of interference when speaking in this language. 
This result is not consistent, however, with our interference data on the picture-naming 
task. On this measure, interference from each language was relatively equal during its 
respective treatment phase. This may be due to interference stemming from the direct 
training of the stimulus words in question, however, a more in depth evaluation of 
interference patterns on picture naming lexical access tasks and discourse is needed.    
Also notable were the two types of discourse interference observed. The patient 
exhibited instances of both pathological switching and mixing. These two phenomena 
have previously been discussed in aphasic patients as a consequence to impaired 
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cognitive-linguistic control (Junque, Vendrell, Vendrell-Brucet & Tobena, 1989; Paradis, 
1995). Pathological mixing occurs when a patient mixes two or more languages within a 
single utterance (e.g. “you make tea avec de l’eau.”), whereas with pathological 
switching patients alternate between an utterance in one language and an utterance in 
another (e.g. Where is John? Je viens de le voir.) (Fabbro, Skrap, Aglioti, 2006). Previous 
studies have linked language mixing to lesions in the left parietotemporal region (Fabbro, 
2000). In addition, the thalamus has also been implicated in a reported case of language 
mixing, particularly relevant considering the involvement of the thalamus in our patient 
(Wallesch, 1997).  
Our participant demonstrated instances of both language switching and mixing 
throughout various probes and speech samples (for examples, see Appendices A and C). 
Switching was both reported and observed at baseline, and became more severe as 
treatment progressed as evidenced in increased cross-linguistic errors of multiple types 
(semantic, circumlocutions). Notable, however, was the complete lack of interference and 
pathological switching from Amharic, her first and most recovered language (per reports 
from herself and her family). Similar results were seen in a study by Goral et al. (2006), 
where the participant in question had less interference from L1 (Hebrew) than his other 
two languages. Following a similar line of reasoning, this pattern of interference and the 
absence of Amharic, may in part be attributed to the lexical similarities between French 
and English. These two languages share a sizable vocabulary and many syntactic 
properties of the languages are similar. Amharic, on the other hand, is in a different 
language family, and uses its own writing system different from the Roman alphabet used 
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in English and French. However, the role of lexical and structural similarities across 
languages is still undetermined as a factor in cross-linguistic generalization gains. As this 
study is lacking sufficient empirical data on Amharic language performance, we cannot 
explore this specific facet further at this time.  
Another possible explanation for the participant speaking in a mix of French and 
English with the clinician is that she knew the clinician spoke both languages. In contrast, 
her sister, who spoke both Amharic and English (but not French), reported that she spoke 
in a mix of Amharic and English. This idea can be explained in part by a recent study by 
Green & Abutalebi (2013) that looks at an adaptive control hypothesis. This hypothesis 
states that specific interactional contexts with different language demands may influence 
measures of cognitive-linguistic control. They propose, and support through behavioral 
and neuroimaging data, that language control processes can adapt to certain situations.  
Therefore, the lack of Amharic interference when speaking to the clinician may be a 
measure of adaptive control used by the participant in this specific, and reoccurring 
interactional context (i.e. treatment sessions). 
Overall, these results and observations provide support for the idea of a neural 
network of cognitive-linguistic control, specifically involving the basal ganglia and 
subcortical structures. Damage to these areas, as seen in our patient, may disrupt the 
balance between language facilitation and interference needed to promote generalization 
in treatment. Further research in this area is indicated in order to gain a better 
understanding of the intricacies of cross-language interference and their correlation to the 
control network. Such studies would provide critical information and allow clinicians to 
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better understand language production and control mechanisms in their multilingual 
patients. As it pertains to the current patient, the lack of generalization seen in our results 
may have been a direct factor of language interference, along with overall deficits in 
cognitive control as measured on the flanker task. Understanding the potential effects of 
these variables is crucial when considering treatment decisions and clinical 
recommendations. In such cases, depending on the severity of the damage to neural 
structures regulating control (prefrontal cortex, ACC, basal ganglia, thalamus) treatment 
in only one language, the language the person encounters most often in their everyday 
life (regardless of prior proficiency levels), may offer the most treatment gains and 
minimize most effectively the effects of language interference on language output. In 
addition, in such cases where deficits in cognitive-linguistic control play a critical role in 
language performance, it may be beneficial to consider direct intervention targeting 
cognitive measures such as interference suppression and attention. Of course, further 
studies would be needed to verify these hypotheses, and these potential studies could 
target the delicate balance between facilitation of language gains across languages, and 
minimizing the effects of interference on a patient’s functional communication.  
This study has several limitations. First, complete and comprehensive language 
assessment was not possible in the participant’s L1, Amharic, due to a lack of Amharic 
speaking staff and the absence of language tests in this language. Therefore, it was not 
possible to ascertain how treatment in L2 and L3 might have affected L1, and vice versa. 
This information would have been useful for a discussion of interference, in light of 
research showing that is it more/less difficult to suppress L1 output. In addition, lack of 
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fMRI data restricts the ability to which we can attribute interference and cognitive-
linguistic control to the areas discussed. Nevertheless, the behavioral data provide a 
strong jumping off point and certainly support the continued investigation of cortical and 
subcortical circuits in the process of language control. 
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Appendix A 
WAB picture description 
Pre-treatment 
In this picture I saw the wind, the house, two married persons. They eat something. The 
meisseur he read the paper – a book. The madame, she pours the something to drink. Le 
petit garcon, he run after the – uh, uh…there is a big flag. La petite fille, elle est a cote de 
la mer. There is a boat and for this time, there is a small guy, he play. He wants 
something from the water. The car is parking. 
Post-treatment 
There is, uh, the, it’s a land and there is a house with car with arbre – uh - tree. And then 
there is a lake where is fly. Um, and there is a garcon – he, he, he turn something. And 
then there is a woman, she’s sit down. And there is a man he’s – he’s – oh - fishing. 
There is a petit chien; he’s running. And there is a couple. The man read a paper uh - 
book, and the lady throw a glass of wine. And she has assiette – stuff like that, uh, 
container. And they enjoy vacation. 
 
Narrative Generation 
Frog Where Are You?* 
Instances of interferences are marked in italics 
 
English pre-treatment 
 
Frog where are you. Frog in the bedroom. Frog is in the bathroom and it is the – lie down. 
Frog is running to the boots and frog is running. Frog he went to the window and the, he 
he start taking. Here here, he yell something. We pick the fruit. Here frog, he start to take 
him, here the petit house, because the marshmallow it’s in here. Here they came out from 
here to attack the horse. He ran. He went to the distance, from here to on the top. Here is 
on the top. This, I forget the name, but she’s looking, looking. And here the petit homme 
tombe par terre. C’est la nuit. It’s raining, no it’s not raining, la nuit. Here the next day 
morning, the water is cool. Here, le matin c’est la meme chose. They look like together. 
Here il sit by himself, he start crying. Here he found a friend and he turn around. Here is 
the friend et tout. He cry, he tell the kids….he cry.  
 
Instances of interference = 5 
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English post-treatment 
 
Frog where are you. And it’s the – he’s in the jar. The bed it’s night and then the light is 
on. It’s ready to go to bed. Here it’s ready to wake up and dog is on the head, and the frog 
continue to… And here the day is begin and here when he saw the bottes, the jar, the frog 
is not there. And he he the bottes in case the dog is inside but no one came out. And he 
cry because the frog is dead – it’s not dead but it’s not inside. Then he went to the 
window and the the puppy, she, her face, and she jump. He jump and then he hold the 
puppy. Then he try to – the jar – because he didn’t see them. He cry very hard. There is 
inside and the puppy is looking at this, and this one is crying for the puppy, and the 
puppy came out. No, no, the frog. No it’s another animal. And, there’s another animal, 
this one is pushing the tree, and this one it’s a gatekeeper – it is inside, they run. And this 
one try to scream. Here is the frog – the frog, because he just push and he is out and she 
is lying down and he saw all the animals because they go together and they run. And then 
he run again, try to climb this. He speak very hard. Another animal came and grab him to 
the cornes. The animal here and he push him down. Wind blow etc. And here the animal 
is lying down and this one is crying. And the little things here together they take a swim. 
Here they say shut shut down because he think the animal is there. « Shhhh » shut down. 
And then he found two of them, and then the animal with them. He found two of them, 
he’s happy. And then, this is two of them married, husband, wife, the siblings. And then 
he said goodbye, he take one from them. 
 
Instances of interference = 3 
 
 
French pre-treatment 
 
Le petit garçon et le chien, ils se trouvent dans la chambre. Le petit garçon est dormi et le 
chien regarde dans le pot, and here two of them sont dormis. Here, le petit garçon 
(unintelligible) here les deux garçons sont à l’entrée de la voiture. Here le petit garçon 
reste sur, sur la maison, et le petit chien descende. Here lui-meme il s’est étonné, and il 
revient ici for ramasse le garçon. Here, uh uh, he is here and he yelled. Il est là, à côté, 
and he yell. Here ils sont arrivés au garage, le petit chien. Here he jump. Here le petit 
chien reste à côté de l’arbre. And le petit garçon il est entre dans le…(unintelligible). 
Here the minute when she see, she got, elle va se fâcher avec le petit garçon, and la fille, 
um, is running. Elle veut monter le le, uh. Ici il est rentré. Ici um, quelque chose arrive 
ici. Ici il veut (unintelligible). Ici um il est jeté par terre, le petit aussi tombe et ici uh, um, 
la campagne, il est tombé. Ici c’est le jour. L’eau cours et il n’y a pas le problème, et la 
fille aussi, and tous les deux nagent, neige, nagent, neige. Ici la fille elle est là, and le 
petit devant la fille. Ici les petits enfants ils ont vu les deux. Ils ont vu tous les choses. Et 
la, le petit est ici avec sa mère et ses enfants.  
 
Instances of interference = 12 
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French post-treatment 
 
C’est un tout petit garçon. Ce petit garçon regarde la la chien. Il regarde le chien. Ce petit 
garçon est dormi et le umm, chien, non, le…uh, I forget – le grenouille sort du pot and, ce 
petit garçon il est dormi. Le chien sur la tête et il voit que le pot est vide. Ce petit garçon 
made his boots et l’animal, l’animal, le chien, les bottes. And here he said goodbye to the 
the  (untelligible) goodbye goodbye and the the the tik said goodbye. 
 
Ce petit garçon regarde sur la fenêtre et le chien tombe. And ce petit garçon, il ramasse le 
chien et il l’embrasse. Tout seulement, les deux sont partis chercher l’animal. Et il il 
appelle l’animal. Le petit garçon, animal, il appelle l’animal et le chien il, il, il sort, there 
is, I don’t know what the name is, but he run after him.  
 
And here the grenouille came out et le petit garçon, il crie et le petit chien il voit le – uh, 
ce qui fait, ce que fait le rat makes the sauce.  
 
Et là, le petit garçon tu vois là là là, c’est sortie et les rats – Le petite chien il grab the the 
rats et le grenouille, il regarde les rats, et le petit garçon, il va sur la coffre. Et là over the 
coffre, there is a grand animal came up and here it’s faint and le petit chien cours. Ici, 
celui la est courir, et le grenouille, le grenouille il crie, and then here, le petit garçon il a 
crié et le chien est tombé. 
 
And then came another thing. Here le petit chien, it’s a kind of  - I forget. Here il il il le 
petit garçon s’éclate and le chien descende.  
 
Here c’est les arbres. L’animal regarde le petit chien, le petit chien et le garçon ils sont 
ensemble dans la mer. La mer ici, les deux sont ensemble. They try to (unintelligible). 
Here il talk to le petit chien, il talk tout doucement. And here aussi, I dont know this one. 
Here le petit garçon, le petit chien, les deux crocodiles, ils sont ici.  Le petit chien, le petit 
animal, il try to throw, throw down. 
 
Instances of interference = 25 
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Appendix B 
Stimulus Sets 
English Set 1 French Set 1  English Set 2 French Set 2 
bat chauve-souris  bird oiseau 
hanger cintre, support  clothespin pince (a linge) 
coat manteau  robe peignoir 
donkey  ane  horse cheval 
duck canard  chicken/hen poule 
dustpan porte-poussiere  vacuum aspirateur 
leg jambe 
 
semantically arm bras 
moon lune related star etoile 
pitcher pichet  kettle bouilloire 
raincoat impermeable  umbrella parapluie 
rake rateau  shovel pelle 
nail clou  screw vis 
skunk mouffette  raccoon raton laveur 
snail 
escargot/ 
calimacon 
 
worm ver (de terre) 
wrench cle, cle anglaise  pliers pinces 
 
English Control French Control 
blanket couverture 
mop vadrouille 
ring anneau/bague 
school ecole 
shark requin 
goat chevre 
strawberries fraises 
sword epee 
rabbit  lapin 
spider araignee 
goose oie 
stool tabouret 
desk bureau 
vest veste/veston 
flashlight lampe de poche 
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  Appendix C 
Specific Error Examples by Type 
 
Error Type Target Response 
(translations in parenthesis) 
Participant Response 
(translations in parenthesis) 
Neologism  rabbit 
 
“boof” 
 
 
Unrelated word in non-target 
language 
chauve-souris (bat) 
 
lune (moon) 
“zip” 
 
“wool” 
 
Unrelated word in target language lune  “marble” 
Circumlocution in non-target 
language 
epee (sword) 
 
vadrouille (mop) 
“for protection” 
 
“this work with hot water to 
clean” 
Circumlocution in target language shovel 
 
kettle 
“with this we lift out the dirt” 
 
“the water is boiling” 
Semantic Error in non-target 
language 
goat 
 
pliers 
“cheval” (horse) 
 
“ciseaux”(scissors) 
Semantic Error in target language desk 
 
shark 
“table” 
 
“long fish” 
Mixed Error in target language goose 
 
“dock”(for duck) 
Phonemic Error in target language goat 
 
 
“groat” 
 
 
Correct in non-target language hanger 
 
poule (chicken) 
“cintre” 
 
“chicken” 
 
Sample of mixed-language error responses 
Target Response Participant Response 
pitcher “porte-water” 
mop “wash the floor avec de l'eau” 
cintre (hanger) “where they put the linge over there” 
kettle “we serve de l'eau chaud with this” 
lune (moon) “this would be found au ciel” 
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